from precursors called protodermal cells. Protodermal cells can either proliferate to give rise to pavement cells, which make up the protective epidermis covering the surface of the leaf, or differentiate into a meristemoid mother cell (MMC), a progenitor of the guard cell. MMCs divide asymmetrically, one daughter cell becoming a meristemoid, the other becoming a stomatal-lineage ground cell, a progenitor that can either differentiate into pavement cells or, through a 'spacing division' , give rise to a second, satellite meristemoid cell. Meristemoids then undergo asymmetric divisions, and finally differentiate into pairs of guard cells that are evenly distributed between pavement cells (Fig. 1) . But what governs these cell-fate decisions?
Mutations in genes encoding receptor proteins of the ERECTA (ER) family cause a loss of control over stomatal spacing, leading to the development of leaves with unevenly spaced stomata. The severity of this trait is further influenced by mutations in an ER co-receptor, TOO MANY MOUTHS (TMM), demonstrating that ER-family signalling is a key regulator of stomatal development. ER-family receptors are activated by EPIDERMAL PATTERNING FACTOR 1 (EPF1) and EPF2, peptides that exert different, but overlapping, effects on stomatal development. By signalling through the receptor ER-LIKE 1 (ERL1), EPF1 orients stomatal spacing and prevents differentiation into guard cells, whereas EPF2-ER signalling restricts the formation of this lineage at an earlier stage. Both receptors exert their effects by activating an intracellular signalling cascade called the MAPK pathway (reviewed in ref. 2) .
In contrast to EPF1 and EPF2, the EPF-like peptide Stomagen promotes stomatal development by inducing guard-cell differentiation 3 . Lee et al. set out to investigate how these related peptides could exert such dramatically opposing effects. The authors found that the altered stomatal differentiation that occurs in plants harbouring mutant forms of the genes encoding ER, ERL1 or TMM was not affected by the addition of Stomagen. This suggests that Stomagen, like EPF1 and EPF2, acts through ER-family receptors.
Lee and colleagues then provided extensive genetic evidence to support this idea. By inhibiting or overexpressing the gene encoding Stomagen, the authors showed that misexpression of the peptide interferes with all signalling pathways mediated by the ER family. Next, using sophisticated genetic and in vitro biochemical experiments, they confirmed that Stomagen actively competes with EPF2 for ER, the two peptides binding to the receptor with similar affinities. Finally, the researchers showed that Stomagen could not activate MAPK signalling. They propose that binding of Stomagen to ER-family receptors actually prevents MAPK signal transduction.
These results provide evidence that a finely balanced system of closely related activating and inhibitory peptides locally modulates the signalling pathways required for proper stomatal spacing in the plant epidermis (Fig. 1) . One uncertainty in this model is the similarity in the dissociation constants (a measure of the binding strength between two proteins) of EPF2-ER and Stomagen-ER. This implies that massive changes in the local concentration of one ligand, or a large adjustment in the ligand's local receptor sensitivity, would be needed to induce a change in stomatal patterning. Which mechanism is used in physiological conditions is an issue that clearly needs to be addressed.
A competitive inhibition mechanism provides precise control of cellular spacing, analogous to the 'lateral inhibition' mechanism that regulates the spacing of animal cells. It is now imperative to determine whether similar mechanisms operate over time to generate repetitive differentiation events periodically during plant development. For example, systems such as the CLE40-CLV1-ACR4 signalling pathway, which regulates stemcell maintenance in the growing tips and roots of plants 4 , might use a similar combination of activators and inhibitors. Future studies should also analyse whether local changes in the levels of particular peptide combinations could weave a 3D pattern of locally activating and inhibitory signalling conditions.
The results of the current study can be put in the larger context of plant signalling pathways -which includes different combinations of ligands, receptors and co-receptors -acting in conjunction with local changes in signalling pathways mediated by organic molecules. Furthermore, because there is evidence for a direct connection between plant steroid signalling and the stomatal pathway 5 , yet another level of signalling seems plausible. A picture emerges in which almost every cell in a plant tissue can be exposed to a precisely defined set of signals. This new concept in plant spatial control should now be tested in other settings. ■ 
Sacco de Vries is in the Department

CLIMATE SCIENCE
The dynamics of temperature extremes
Changes in the occurrence of atmospheric circulation patterns are not well understood. A study finds that these have been a big factor in observed changes in regional temperature extremes during recent decades. See Letter p.465 Identifying changes in climate extremes at the regional scale is hampered by the chaotic internal variability of the climate system, which adds a large degree of noise to the climatechange signal. Climate variability is manifested in changes in the occurrence of atmospheric circulation patterns, which can vary strongly from year to year, but can show trends over multidecadal periods too. Such variations are also reflected in many climate extremes 4 . For example, European heatwaves (Fig. 1) are more frequent when the summertime jet stream is 'blocked' from taking its usual path across the North Atlantic Ocean, because stagnant air over the continent can warm excessively through land-surface feedbacks 5 .
T H E O D O R E G . S H E P H E R D
On top of this internal variability, climate change itself is expected to lead to changes in the occurrence of atmospheric circulation patterns, although there is as yet little consensus on what these changes will be 1 . Both internal variability and the circulation response to climate change can lead to regional changes in temperature extremes that are larger or smaller than -or even opposite to -those expected from global warming over extended time periods 6 . To deal with the confounding effects of atmospheric circulation on changes in temperature extremes, Horton et al. applied a cluster analysis to geopotential height fields -which map the heights needed to reach a given pressure, taking into account variations in surface pressure and atmospheric densityat an altitude of about 5 kilometres, to identify robust changes in the occurrence of circulation regimes. Their approach restricts the analysis to the years after 1979, when observations from meteorological satellites improved the reliability of analysed changes in atmospheric circulation at mid-latitudes. But it avoids previously voiced concerns about using subjective measures of atmospheric circulation 7 . The authors then partitioned observed changes in temperature extremes into those associated with changes in the occurrence of circulation regimes (dynamic changes) and those that have no such association (thermodynamic changes). This kind of partitioning is a growing theme in climate science 8 . Horton and colleagues find that most regions have experienced a clear increase in summertime high temperature extremes since 1979. For roughly half of those regions (eastern North America, Europe and western Asia), the researchers identify a substantial contribution to the observed trends (one-third to one-half) from the increased occurrence of anticyclonic circulations, which are associated with atmospheric blocking. The implication is that the tendency for increased summertime heatwaves that can be expected from global warming has been substantially enhanced in these regions over the past 35 years by circulation changes that make heatwaves more likely.
Although global warming suggests that, in general, the likelihood of low temperature extremes should decrease, Horton et al. find an increase in wintertime low temperature extremes over central Asia since 1990 -the period over which the extent of Arctic sea ice has rapidly declined. They attribute this increase primarily to the increased occurrence of a circulation pattern associated with the transport of cold Arctic air into central Asia. Modelling studies 9 have suggested that such an altered circulation is attributable to declining sea-ice extent in the Barents and Kara seas. However, the authors find no evidence of increased wintertime low temperature extremes over North America, despite the attention given to claims of such an increase 3 . One concern with this study is that it is based on 35-year (and, in some cases, only 24-year) time series, which are quite short by climate standards. Horton and co-workers performed an extensive analysis to determine the statistical significance of the trends, but this establishes only that discernible changes occurred over the periods in question. As the authors note, the identified circulation trends may merely reflect multidecadal natural variability and cannot be associated definitively with climate change. This is clearly an important issue to resolve. Other climate extremes, such as droughts and flooding, may be even more susceptible to circulation changes than are temperature extremes.
A better observational record of past changes in atmospheric circulation, over the previous century and possibly over even longer timescales, would help to put the recent changes in context. Such records might be acquired by analysing data from ships' logbooks or by developing climate proxies, for example. Improved prediction capabilities also require a better understanding of the mechanisms of climate variability. Finally, a better understanding of the physics of the expected atmospheric circulation response to climate change would provide testable hypotheses. In particular, can the most extreme predictions of circulation changes be constrained or excluded by the observational record? Unless progress is made on these fronts, we will continue to be surprised by deviations from the thermodynamic expectations of global warming. ■ Theodore G. Shepherd 2 report that this heatwave was part of a long-term trend towards more anticyclonic summertime circulation regimes over Europe.
FRANK PERRY/AFP/GETTY
As an introduction, I should like to touch on something which is not a unique feature of the subject of discourse. However, this is as good an excuse as any to look at the disturbing fact that communications between scientist and scientist are in a state of overgrowth or 'overpublication' , while in contrast to this the writings … addressed to the non-expert are, so some believe, somewhat neglected or 'underpublished' . Of course, one does not condemn the vastly increased potentialities (5-10 times that of 1945) for scientific printing space, but the sometimes indiscriminate multiplication of the printed words, formulae and illustrations leads to overburdening of libraries, to a nightmarish frustration of the research worker who never catches up with his reading, and willy-nilly to an encouragement of unfinished and mediocre material to be published. From Nature 26 June 1965
Years Ago
All good nomenclature should be unambiguous, and, if possible, self-explanatory. The terms masse volumique, volume massique, and stéradian have both these desirable qualities; no one with a knowledge of physics and French could make any mistake as to the exact meaning of the first two, and the meaning of the third should be at once selfevident to anyone who knows the definition of a solid angle. I should not expect a chemist or a botanist to have anything but a hazy idea of the meaning of puissance massique, but even to an ordinary French engineer it should convey its meaning instantly. An expression of this kind, far from being an "eccentricity, " is a triumph of nomenclature. It is possible to mould language by logic; it is the only way to mould language that shall be truly scientific. From Nature 24 June 1915
BIOCHEMISTRY
Unexpected role for vitamin B2
An enzyme has been found that alters the molecular structure of vitamin B2, adding a fourth ring to its existing three-ring system. The product catalyses new types of chemistry in concert with certain other enzymes. See Letters p.497 & p.502 1 show that the bacterial UbiX enzyme and the fungal Pad1 enzyme modify FMNH 2 in the presence of dimethylallyl monophosphate (DMAP), a precursor of prenyl groups, to generate a previously unknown cofactor, prenylated FMNH 2 . Payne et al. 2 show that prenylated FMNH 2 is an essential cofactor for the decarboxylase enzymes UbiD and Fdc1; apo-forms of UbiD and Fdc1 lack a bound cofactor and so are inactive. Me, methyl group.
